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[ Abstract] Objective To analyze the clinical phenotypes and pathogenic gene of a Han Chinese family with
enhanced S-cone syndrome (ESCS). Methods The method of pedigree investigation was adopted. A suspected
ESCS Han Chinese family including 8 members of 3 generations was recruited in Henan Eye Hospital from June to
September 2021. There was one patient in the family. A thorough ophthalmic examination of the proband was carried
out to evaluate the phenotypes, including visual acuity, degree of strabismus, anterior segment and fundus,
autofluorescence imaging, fluorescein fundus angiography, full-field electroretinogram ( ERG) , multifocal ERG , optical
coherence tomography. DNA was extracted from peripheral blood samples from the proband and family members. The
pathogenic gene and variation were screened by whole exome sequencing ( WES). The variation and co-segregation
were verified by Sanger sequencing. The deleteriousness of the variation was analyzed by SIFT, Polyphen2 and
MutationTaster. The pathogenicity of the variation was evaluated in accordance with the American College of Medical
Genetics and Genomics (ACMG) Standards and Guidelines. The analysis of amino acid sequence conservation was
performed by SIFT. This study adhered to the Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of Henan Eye Hospital ( No. HNEECKY-2017[ 6] ). Written informed consent was obtained from each
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subject.  Results This pedigree was consistent with autosomal recessive inheritance. The proband had clinical
features such as night blindness, hyperopia, accommodative esotropia, peripheral retinal pigmentation, retinoschisis,
and photopic ERG responses dominated by large-amplitude waves. Variations including a compound heterozygous
variation ,c. 671C>T:p. S224L on exon 5 and ¢. 955G>A :p. E319K on exon 6 of NR2E3 were identified by WES. The
variations were confirmed to be consistent with co-segregation. The both loci were missense variations, the variation
frequency of which was 0 in the East Asian population via the gnomAD database. The variations were predicted to be
deleterious by SIFT,Polyphen2 and MutationTaster. The c¢. 671C>T variation was recorded with unknown significance
in ClinVar database,and the c. 955G>A variation was an unreported new locus. According to the ACMG Standards and
Guidelines , the both variations were labeled as with uncertain clinical significance,and the corresponding amino acid
sequences were highly conservative across multiple species. Conclusions This family has the clinical

characteristics of ESCS and meets the genetic diagnosis criteria. Two novel variations in NR2E3 gene,c. 671C>T;.

- 941 -

p. S224L and 955G>A :p. E319K , are found.
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Figure 2 Cardinal gaze positions of the proband In the 9 cardinal

positions to diagnose accommodative esotropia,the corneal refractive spot
on the temporal side of left pupil in primary position was observed , and no
signs of muscle paralysis was seen in other positions A right and up

gaze B:up gaze C:left and up gaze D:right gaze E: primary

position  F:left gaze G:right and down gaze H:down gaze I:left

and down gaze
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Figure 3 Wide-angle fundus images of the proband Clear optic
disc, peripheral retinal pigmentation, yellowish lesions around vessel
arches above the macula were seen

A :right eye  B:left eye
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Figure 4 Fundus autofluorescence images of the proband Strong
fluorescence was seen in the macular area within the vascular arch in both

eyes A:right eye B:left eye

(BJ

7 SEEEWRABFEG FILSURFIER SIS FOES  AARK

Figure 7 Visual test results of the proband Ring scotomas and paracentral scotomas were seen in both eyes

deviation map of right eye C:Gray map of left eye
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Figure 5 OCT images of the proband Dense irregular hyporeflective
cavities were seen between retinal layers near the macular outer plexiform

layer A .right eye B:left eye
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Figure 6
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FFA images of the proband Patchy weak fluorescence

(arrow) was seen in the superior temporal beyond the vascular arch in
both eyes, not significantly enhanced in the late stage,and no fluorescein

leakage was found in the macula A,B.right eye C,D:left eye
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Figure 8 Comparison of ERG between proband and normal control Al,BI1:Mixed rod-cone response of right and left eye of proband It showed

P1

N1 L 11F43

o

mixed rod-cone response without waveform in scotopic 0. 01 ERG , moderate to severe reduction of a-wave, moderate decrease of b-wave and increased b-wave
latency in scotopic 3.0 ERG ,moderate reduction of a- and b-wave as well as increased a- and b-wave latency in scotopic 10. 0 ERG  A2,B2:Photopic 3.0
ERG of right (A2) and left eye (B2) of proband Mixed rod-cone response with mild reduction of a- and b-wave as well as increased a- and b-wave
latency A3,B3:Moderately reduced N1-P1 amplitude in the right eye ( A3) and left eye (B3) in photopic 3. 0 flicker ERG (30 Hz) C1,C2,C3:Mixed
rod-cone response, scotopic 3. 0 ERG,and photopic 3. 0 flicker ERG in normal control
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Figure 9 mfERG results of the proband Al:A 3D display of P1 wave showed central fixation in the right eye B1:A 3D display of P1 wave showed

o

20.0 ms/div

paracentral fixation with temporal deviation in the left eye  A2,A3,A4 /B2,B3,B4:In ring 1,amplitude density of NI and P1 waves decreased with relatively

normal waveform,and latency delayed as centrifugation increased A :right eye B:left eye
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¢. 671C>T/c. 955G>A was detected in NR2E3 gene in the proband
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Sanger sequencing map of the ESCS family
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Figure 11

NR2E3 structure and conservation analysis of
variation Loci 224 and 319 of NR2E3 were highly conserved in amino
acid sequences across Homo sapiens, Bos taurus, Pan troglodytes, mus

musculus , Danio rerio and Gallus gallus
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